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A uniform plane wave, whose incident electric field has an x component with an amplitude at the
interface of 10~ V/m, is traveling in a free-space medium and is normally incident upon a lossy flat

earth as shown in Figure $Q. Assuming

that the constitutive parameters of the earth are &7 = 9gy,

J2 = g and a2 = 107! S/m, determine the variation of the conduction current density in the earth at a

frequency of 1 MHz.
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1 Question 1: (30 points)

An electromagnetic wave is transmitted at 30MHz. Find the wave velocity,
wavelength, attenuation constant and phase constant in

a) air, given that ¢, = 1, g, = 1, 0 = 0 (10 points).

b) sea water, given that ¢, = 70, p, = 1, and ¢ = 5 S/m (10 points).

c¢) concrete, given that €, = 20, p, = 1, and ¢ = 0.01 S/m (10 points).

(o = 8.854 x 10712 and p = 4w x 1077)

2 Question 2 (25 points)

A uniform plane wave is normally incident from air to flat dielectric with
€, = 16 (Gallium arsenide). Given |E;| = Ey = 10mV/m, find

a-) The reflection and transmission coefficients ? (12 points)

b-) The average power densities for all waves, confirm the conservation of
energy 7 (13 points)

3 Question 3 (20 points)
A transmitter antenna radiates electromagnetic waves at 200W of total out-

put power. Evaluate the power density of the waves at R=1km away from
this antenna in the broadside direction where the antenna has 10dB gain.

4 Question 4 (25 points)
A log periodic antenna has the following radiation pattern

height

.. "".'--'ms

Range

Figure 1: Radiation pattern.

The frequency of operation is 6 MHz. The antenna is aimed to oper-
ate with sky wave communication at lowest angle beam (20°) for maximum
range. The E-layer reflection height is 100km. Given N =9 x 10" (%),

a-) Find the MUF and OWF ? (9 points)

b-) Does this wave reflect, why ? If it reflects, find the max. comm. range ?
(8 points)

¢-) Find the power density of the wave at the max. comm. range if P, = 1kW.
(8 points)
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Frequency Range Electric Field Magnetic Field Power Density

(MHz) (V/m) (A/m) (W/m?)

0.003-0.1 614 163 103

0.1-3 614 16.3/f 103

3-30 1842/f 16.3/f 900/f?

30-100 61.4 16.3/f 10

100-300 61.4 16.3/f 10

300-3000 f/30
-~

¢ Fresuen In MK
_E \ 1‘3 M aya Mmomn Val\ues —ce(“

.SQ-_CL-LD~

According to Consumer and Clinical Radiation Protection Bureau, Health Canada:

Kaynak <https://www.canada.ca/en/health-canada/services/publications/health-risks-safety/limits-human-exposure-
radiofrequency-electromagnetic-energy-range-3-300.html#s2.2.2>

Frequency Electric Field Strength Magnetic Field Strength Power Density Reference Period
(MHz) (Erp), (V/m, RMS) (HgrL), (A/m, RMS) (Sru), (W/m?) (minutes)
10-20 27.46 0.0728 2 6
20-48 58.07 [ f9% 0.1540 / f0-% 8.944 [ f0 6

48 - 300 22.06 0.05852 1.291 6
300 - 6000 342 £ 0.008335 f 03417 0.02619 f 06834 6
6000 -15000 61.4 0.163 10 6
15000 - 150000 61.4 0.163 10 616000 / f 12
150000 - 0.158 05 4.21x104 f03 6.67x107 f 616000 / f '
300000

Frequency, f, is in MHz.
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Other standards are shown below. (AN OVERVIEW OF STANDARDS AND
REGULATION CONCERNING EXPOSURE TO RADIOFREQUENCY FIELDS Annamaria

PALJANOS, paljanosanna@yahoo.com Calin MUNTEANU calin.munteanu@et.utcluj.ro

TECHNICAL UNIVERSITY CLUJ NAPOCA, ROMANIA)

Frequency range (MHz) 3-10 10-100 100-300
IEEE — 2345 =
73 8/ p. 5
Zone 0 B23.8/1 ik 1
e 1842/t 61.4 6l.4
Zone |
Electric IEEE — General public B23 B/f 27.5 275
field IEEE Controlled environment 1842/ 61.4 6.4
strength ICNIRP 87/
{(V/m) (eneral public m 28 o
II.('MRP_ 610/t 61 61
Occupational exposure
EU Recommendation 87 ¥l 28 28
EUl Directive 610 61 61
IEEE — 2345 -
= 16.3/1 158.3 0.0729
e 16.3/f 16.3/f 0.163
: Zone |
H?igell];tlc IEEE — General p.ublic Iﬁi:f 153_3;m ﬂ'.ﬂ?{?
strength IEEE C mlt:gl}}jlcll:{ v.:iwjrmlment 16.3/1 16.3/f 0.163
(A/m) : 0.73/f 0.073 0.073
General public
IF'NIRP 1.6/ 0.16 0.16
Occupational exposure
EU Recommendation 0.73/f 0.073 0.073
IEEE —2345 im0 g5, i g 2
IEEE — 2345 TR "
Zone 1 o IEE £ 10
P IEEE — General public (2. 94 x IS 2
d::::;rr IEEE Controlled environment ( 10
W :ﬂ% ICNIRP : : E
General public =
ll.(' b : - 10 10
Occupational exposure
EU Recommendation - 2 2
EU Directive - 50 50
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